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RESTORATION OF CONTRACTILITY Ah9 PROSPECTS FOR 
TRANSPLANTATION OF IIUFUN AND ANIMAL IlEARTS 

%-??-E 

S .V.Andreyer;* 

Experiments on the  r e s t o r a t i o n  of c o n t r a c t i l i t y  of  t h e  human 
h e a r t  a f t e r  dea th  and the  possib1.e resimp t i o n  of hemodjnamics 
i n  the  organism are r epor t ed ,  based on postmortem examinations 
of 397 human hea r t s .  The b i o e l e c t r i c  a c t i s i t y  of t he  myo- 
c a r d i m  and t h e  s i g n i f i c a n c e  of  macroergic compounds (or tho-  
and pyrophosphoric a c i d s ,  I . ac t i c  ac id ,  c r e a t i n e ,  a rg in ine ,  e t c .  ) 
for t h e  myocardial  metabolism were s t i idied,  t o  ob ta in  d a t a  on 
the  p o s s i b i l i t y  of t ranspl-ant ing hman  hea r t s .  
c o n t r a c t j l . i t p ,  up t o  5 days a f t e r  dea th  and l a s t i n g  f o r  more 
than  15 d a p ,  w a s  possi .ble i n  a l l  cases  of undiseased hea r t s .  
Present  obs tac l  e s  Lo human heart t r a n s p l a n t a t i o n  (such as tissue 
or p r o t e i n  j ncomnati.biI.ity, li ffi .cul. ty i n  r a9 id  re - innerva t ion ,  
e t c . )  are ,:iisclissed b r i e f l y ,  and p rospec t s  f o r  fiitiire trans- 
p l ~ . n t a t i o n s  are hased on si~c:cessfiil.  b iosyn thes i s  of n r o t e i n  
moleciiles and polymers, inchid ing  t h e  varioi:s amj no aci fj.s, t o  
be iised i.n constr i ic t ing an  a r t i f i c i - a 1  h e a r t  without !,issue 5.n- 
compa t i b i l i  by. 

Zestora t ion  of 

During t h e  las t  two decades we and our ~ o l l e i ~ p e s  have performed a s e r i e s  
of experimental  warks  on t h e  r e s t o r a t i o n  of  t h e  ac t l i v i ty  of  t h e  h i m n  h e a r t  
a f t e r  dea th ,  t o  e l u c i d a t e  a number of urgent  t,Dpic!l problems. 

I n  i n v e s t i g a t i n g  t h e  funct ional .  s t a t e  of  t h e  h w a n  myocardium and i ts  
a b i l i t v  t o  resume c o n t r a c t i l e  a c t i v i t y  a t  var ious  ages,  u p m  dea th  from infec-  
t i o u s  and somatic d i s e a s e ,  we st i idied t h e  c o n t r a c t i l i t y  of t h e  l iear t s  of  embryos, 
newborn i n f a n t s ,  ch i ld ren ,  yuung peonle,  a d u l t s ,  and e l d e r l y  people who had d i ed  
from severe  dyspepsia , dys  en t  ery3 d iph t he ria, s ca rl a t  ina  , bro nch'la 1 pneumonia, 
s e p s i s ,  a t h e r o s c l e r o s i s  , e s s e n t i a l  hypertension,  cancer,  s e r i o u s  i n j u r y  t o  t h e  
c e n t r a l  nervaus system, the  i n t e r n a l  organs ,  and t h e  bony ske le ton .  

A t  a l l  s t a g e s  of r e s t o r a t i o n  of ca rd iac  c o n t r a c t i l i t y ,  we s tudied  t h e  bi.0- 
e l e c t r i c  a c t i v i t y  of t h e  nivocarclium, and a l s o  inves t iga t ed  t h e  s i g n i f i c a n c e  of 
several m c r o e r g i c  compounds on t h e  myocarciial metabolism (a rg in ine  , c r e a t i n e ,  
or tho-  and pyrophosphoric a c i d s ,  p y r o t a r t a r i c  and l a c t i c  acid-s ,  and atophan) : 
u l t r a v i o l e t  s?ec t romet r ic  de te rmina t ion  of ad rene rg ic  substances and a p t j  c a l  
abso rp t ion  of p ro te ins  of t h e  h e a r t  muscle i n  var ious  s t a r e s  of f i b ~ i l l a t i o n  u r  

x- Laboratory of Pathorhyisiolbgy and Experimental Therapy (Direc tor :  FrLf. S .V. 
Andreyev) , I n s t i t u t e  of Cardiovtsci i lar  Surgery (Direc tor :  Frof  . 5 .A .Kolesnikuv) , 
USSR Academy of 1:ed i c a l  Sciences,  Yoscow. 

-x- Numbers i n  t h e  margin i n d i c a t e  p g i n a t i . o n  i n  t h e  o r i g i n a l  fore2.gn tex t .  



synchronous con t r ac t ions  were a l s o  i n v e s t i g a t e d .  

We s tud ied  t h e  react ivi ty  of t h e  myocardium and i t s  blood vessels i n  i t s  
dependence on t h e  degree of  i n f e c t i v e  i n t o x i c a t i o n ,  and t h e  ser iousness  of  t h e  
damage t o  t h e  nervous and ca rd iovascu la r  systems i n  va r ious  phases of  develop- 
ment. 
con t r ac t ions  , d u r a t i o n  of r e s to red  con t r ac t ions  and t h e i r  e f f e c t i v e n e s s  f o r  
poss ib ly  accomplishing henodynamics i n  t h e  organism). 
formed a c o m p r a t i v e  de te rmina t ion  of  t h e  cha rac t e r  of t h e  r e s to red  v i a b i l i t y  
of  t h e  human h e a r t  i n  t h e  pstrnortem period.  

We determined t h e  quality of  t h e  r e s to red  c o n t r a c t i l i t y  ( i n t e n s i t y  of 

I n  b the r  words, we per- 

These s t u d i e s  helped t o  r e f i n e  t h e  degree and c h a r a c t e r  of t h e  in f luences  
of  t h e  p t h o l o g i c a l  process  on t h e  c o n t r a c t i l e  and metabol ic  func t ions  of t h e  
h e a r t  muscle. From t h e  degree and completeness of r e s t o r a t i o n  of  t h e  contrac-  
t i o n s  of som-e p r t  of t h e  whole h e a r t  it is -mssible t o  draw conclusions as t o  
t h e  f u n c t i o n a l  i n s u f f i c i e n c y  o r  f u l l  f u n c t i o n a l i t y  of t h e  myocardium as a r e s u l t  
of t h e  preceding pa tho log ica l  process .  This  might a l s o  form a b a s i s  f o r  judging 
t h e  p s s i b i l i t y  o f  t r a n s p l a n t i n g  t h e  human h e a r t  a f t e r  r e s t o r a t i o n  of  i t s  func- 
t i o n  and of  us ing  it t o  rep lace  a f a u l t y  organ i n  ano the r  organism. 

The problems posed i n  ou r  invest , igat ions cannot serve as a p r e r e q u i s i t e  
f o r  conclusions of  t h i s  kind u n t i l  a l a r g e  amount of  add i - t i ona l  f a c t u a l  ma te r i a l  
has been co l l ec t ed .  

We made two series of s t u d i e s  on 397 human h e a r t s ,  as t o  t h e  r e s t o r a t i o n  
of c o n t r a c t i l i t y  and as t o  t h e  r e a c t i v i t y  of t h e  h e a r t  blood vessels and of t h e  
my0 cardium. 

Ve w i l l  confine o u r  d i scuss ion  t o  ind iv idua l  examples which, un t h e  one 
hand, cha rac t e r i ze  t h e  excep t iona l ly  high a b i l i t y  of  t h e  huiian h e a r t  t o  maintain 
i t s  a c t i v i t y  and e n e r g e t i c s  under t h e  most va r i ed  condi t ions  and, on t h e  o t h e r  
hand, show t h e  extreme importance of t h e  f u n c t i o n a l  f e a t u r e s  of t h e  ca rd iac  in-  
nerva t ion  as well as, even more so ,  t h a t  of t h e  neu ra l  a p p r a t u s  i n  t h e  h e a r t  
ves se l s ,  which might be considered as t h e  s t a r t i n g  mechanism for r e s t o r a t i o n  of 
ca rd iac  c o n t r a c t i l i t y .  

The r e s to red  c o n t r a c t i l i t y  of t h e  human h e a r t  nay p e r s i s t  f o r  m n y  hours. 
The h e a r t  r e a c t s  t o  t h e  s t imu la t ion  of ex t r aca rd iac  nerves ,  t o  changes i n  t h e  /33 
temperature  of  t h e  surrounding nedium, and t o  d i s tu rbances  i n  a r t i f i c i a l  n u t r i -  
t i o n ;  i n  t h e  myocardium t h e  dynamics of t h e  netabol ism i s  converted i n t o  var ious  
b iocur ren t s  of d i f f e r i n g  cha rac t e r  and form. To t h e  rhythmic high-voltage 
o s c i l l a t i o n s  of t h e  y o t e n t i a l s  t h e r e  corresponds one d e f i n i t e  f e a t u r e  of t h e  
myocardial metabolism, and t o  t h e  low-valtage arrhythmic o s c i l l a t i o n s ,  ano the r  
f eatiire. I n  f i b r i l l a t i n g  a r rh j thmia  of t h e  myocardium, t h e  content  of adeny l i c  
compounds, and perhaps a l s o  t h a t  of t h e  a r g i n i n e  compounds, i nc reases .  
n u t r i t i o n  is  i n t e r r u p t e d ,  dur ing  i t s  second dea th ,  t h e  h e a r t  sometimes cont inues 

After 

t o  con t r ac t  f o r  more- than a n  hour, e x a c t l y  as it hapFens 
whole organism. Thus t h e  hwnan h e a r t ,  a f te r  r e s t o r a t i o n  
shows t h e  same f u n c t i o n a l  p r o p e r t i e s  it had du r ing  l i f e .  

Heart of cadaver D.,  18 years ,  dea th  from bi.latera1. 

a f t e r  dea th  of t h e  
of  i ts  con t r ac t ions  , 

suppura t ive  c) tit is, 
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o togen ic  s e p s i s ,  pyemia, and thrombosis of t h e  S s inus :  
i n  t h e  a p p r a t u s  6 h r  36 min after dea th .  Cont rac t ions  of t h e  r i g h t  v e n t r i c l e  
s t a r t e d  after 7 min, fol.lowed by con t r ac t ions  of t h e  l e f t  v e n t r i c l e  and of t h e  
whole hea r t .  Observations of  t h e  con t r ac t ions  w e r e  continued f o r  3 h r  23 min. 

The h e a r t  was placed 

Heart of cadaver I., 9 days o l d ,  dea th  from e r y s i p e l a s ,  s e p t i c  pyemia and 
f i b m c a s e o u s  p e r i t o n i t i s :  
af ter  death.  
f o r  13 hrs  , and were then  a r t i f i c i a l l y  stopped. 

The h e a r t  was placed i n  t h e  a p F r a t u s  9 h r  5 min 
Contract ions of t h e  whole hea r t  s t a r t e d  i n  15  min, were s tud ied  

i 

An example of  t h e  prolonged pe r s i s t ance  of t h e  c o n t r a c t i l i t y  of t h e  myo- 
cardium i s  given by t h e  example o f  t h e  h e a r t  of a premature i n f a n t  6 days o ld ,  

w e r e  resumed 99 h r  20 min a f te r  dea th  (more than  4 days)  under t h e  usua l  condi- 
t i o n s  of p re se rva t ion  of t h e  cadaver.  
s i n c e  t h e  f i r s t  con t r ac t ions  of t h e  r i g h t  v e n t r i c l e s  began 20 min a f t e r  t h e  
h e a r t  w a s  placed i n  t h e  a p y r a t u s ,  and after ano the r  half  hour,  con t r ac t ions  of 
t h e  whole hea r t  s e t  i n .  The long t i m e  (50 min) r equ i r ed ,  from t h e  t i m e  t h e  
h e a r t  was placed i n  t h e  appara tus  t o  t h e  development of contracti1.e a c t i v i t y  i n  
a l l  i t s  pr ts ,  i s  explained by t h e  ex i s t ence  of a longi.tudina1 block be fo re  t h e  
beginning of t h e  experiment. 

* who died of b i l a t e r a l  bronchopneumonia. The con t r ac t ions  of t h e  whole h e a r t  

This  per iod could have been increased ,  

The a c t i v i t y  of t h e  human h e a r t  a f te r  dea th  from var ious  diseases has been 
r e s to red  a f t e r  43 h r s .  O u r  experiments g ive  us  t h e  r i g h t  t o  state t h a t  t h e  
longes t  per iod f o r  survival.  o f  t h e  venous vessels of  t h e  humn h e a r t  i s  about 
5 days (111 h r s )  a f t e r  dea th .  Res to ra t ion  of t h e  c o n t r a c t i l i t y  of t h e  myo- 
cardium is always preceded by t h e  appearance of vasomotor a c t i v i t y  of t h e  hea r t .  
The la t te r ,  i n  t h e  absence of ca rd iac  cont rac t ions ,  i s  demonstrated by t o n i c  
s p s m  exLperiments and by subsequent d i l a t a t i o n  of t h e  coronary blood v e s s e l s .  

I n  one of o u r  experiments on t h e  h e a r t  of a 58 y e a r  o ld  male who had suf- 
f e r e d  fron: F a s t r i c  u l c e r  and d i ed  from a thromboembolism of  t h e  pulmonary artery 
i n  t h e  pos topera t ive  period ( fo l lowing  partial r e s e c t i o n  of t h e  stomach), a 
sha rp  vascu la r  spzsm was observed. 
from 375 t o  70 m l  i n  one minute, i . e . ,  by 8l.L$. 

A s  a r e s u l t ,  t h e  coronary efflux dec l ined  

In  a n  experiment on t h e  h e a r t  o f  a 59 yea r  o l d  male who had d ied  from in-  
jurj t o  t h e  s k u l l  and b r a i n ,  on i n j e c t i o n  of ca rd iophv l l in  (1:5 x IO”) we noted 
a d i s t o r t e d  r e a c t i o n  of t h e  ca rd iac  blood vesse1.s: t h e  coronary blood f low de- 
creased f r o m  bo0 t o  55 nll  i n  one minute (by 86.3%). 

I n  a n  experiment on t h e  h e a r t  of a 70 year  a1.d male who had d i ed  from 
mul t ip l e  t r aumat i c  i n j u r i e s  of  t h e  bones and organs of t h e  body, we observed, 
i n  c o n t r a s t ,  under t h e  a c t i o n  of  n i t r o g l y c e r i n e ,  a cons iderable  d i l a t a t i . o n  of 
t h e  rryocardial  blood vessels, and t h e  coro’mry f low increased  from 130 t o  
276 ml. i.n s ix  rninutes (by 212.2%). 

A s t r o n g  rhythmica l ly  varying vasomotor r e a c t i o n  sortietimes takes p lace  i n  
I n  a n  experiment on t h e  h e a r t  of a 55 y e a r  0I.d t h e  d iseased  h e a r t  of a corpse.  

male who had d i ed  dur ing  a n  a t t a c k  of s t enoca rd ia  and had a s tenosed coronary 
a t h e r o s c l e r o s i s  wi th  thrombosis of Lhe descending branch of t h e  l e f t  coronary 
artery, tine tonus of t h e  vascu la r  blood v e s s e l s  f l u c t u a t e d  p e r i o d i c a l l y  every  
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1 - L. min, causing a change of  20 - 120 m l  i n  t h e  coronary efflux. 

The above examples (and o t h e r s )  i n d i c a t e  that t h e  a c t i v i t y  of t h e  ca rd iac  
blood vessels ray be au tonomus  arid independent of t h e  a c t i v i t y  of t h e  rfiyocardi- 
urn (under pa tho log ica l  condi t ions) .  The i s o l a t e d  human h e a r t  can be considered 
as a pecul- iar  model of a r a p i d i y  developing s p s m  of t h e  coronary blood v e s s e l s  
and of a "sudden" onse t  of ca rd iac  i n s u f f i c i e n c y  (developing wi th in  t h e  span of 
a minute) and i m i t a t i n g  a n  a t t a c k  of s t enoca rd ia .  
blood vessels t akes  several. times as long  (4 - 6 min). 
o f  t h e  human h e a r t  i s  pronounced and has a g r e a t  capac i ty  f o r  rhythmica l ly  & 
vary ing  t h e  coronary f low i n  r e l a t i v e l y  s h o r t  i n t e r v a l s .  
t h e  major a b i l i t y  of t h e  ca rd iac  blood v e s s e l s  t o  maintain not  on ly  t h e  func t ions  
of t h e  h e a r t  but  a l s o  t h e  hemodynamics of t h e  organism. 
s t rengthened  by t h e  great.  rrass of t h e  arterial .  and venous blood vesse l  of t h e  
h e a r t  and of t h e i r  anastomotic  branches which, taken  t o g e t h e r ,  ap-rent ly  occu- 
ny n o t  less than  ha l f  t h e  e n t i r e  volume o f  t h e  h e a r t .  

D i l a t a t i o n  o f  t h e  ca rd iac  
The vasomotor a c t i v i t y  ' 

T h i s  i s  t h e  reason f o r  

Such a n  assumntion is  

The technique of r e s t o r a t i o n  o f  ca rd iac  ac t iv i t ; J  m u s t  be per fec ted ,  and i n  I 

1 
p a r t i c u l a r  t h e  physical. work of i ts  con t r ac t ion  rr.ust be emphasized, by appl i c a -  I 

I t i o n  of  var ious  loads  f o r  t h i s  purpose. 

These e x m p l e s  show t h a t ,  i n  va r ious  i i i toxicati .ons arid s t ru .c tnra1 a l tera-  
t i o n s  of t he  vascu la r  wall and t h e  myocardium i n  ind iv idua l  cases ,  a complete 
r e s t o r a t i o n  of t h e  con t r ac t ions  of t h e  ca rd iac  musculature i s  p s s i b l e  even 
long  a f te r  dea th  (l+ days) .  I n  o t h e r  cases ,  however, i n  s p i t e  of t he  s h o r t  tinie 
s i n c e  dea th  of  t h e  organism had taken  p l ace  (from 3 t o  11 hours) due t o  such 
causes  as l,ymphosarcomatosis, pulmunnry ederra, o r  b i 2 a t e r a l  cavernous pulmonary 
tube rcu los i s ,  r e s t o r a t i o n  of  ca rd iac  c o n t r a c t i l i t y  is  impossible .  It must be 
assumed t h a t  i n t o x i c a t i o n s  or o t h e r  forms of damage t o  t h e  nervous system cause 
e f f e r e n t  impuls.ztion due t o  t h e  r e spec t ive  biochemical compounds, thus  b locking  
t h e  -poss ib i l i t y  of resumption of t h e  d i f f u s i o n a l ,  oxidat ion-reduct ion p t e n t i a l  
and, cc,nsequently, u f  t h e  ce1.1 u l a r  r!etabolism. 

These experiments d i s t i n c t l y  recal.1 t h e  acu te  ca rd iac  i n s u f f i c i e n c y  ob- 
served  on t h e  operat i r ig  table,  when t h e  surgeon, using modern methods of r e -  
s t o r i n g  card iac  c o n t r a c t i l i t y ,  is unab1.e t o  0vercom.e t h e  f o r c e  of t he  b locklng  
impulses coming from t h e  c e n t r a l  nervous system or o r i g j . m t i n g  i n  t h e  h e a r t  it- 
s e l f .  We are not speaking here  of t h e  s i t u a t i o n  when, as a r e s u l t  of a pro- 
longed p i tho log ica l  process ,  t h e  r e a c t i v i t y  of tile I u t l e n t  .is d i s t o r t e d  and t h e  
metabolism of h i s  nervous system is d i s tu rbed ,  but when, i n s t e a d ,  t h e  severe  
o p e r a t i v e  trauma t o  t h e  n:yocardium and o t h e r  F a r t s  of t h e  organism, t o g e t h e r  
wi th  excess ive  ynarmacodynamic e f f e c t s ,  sc, compl i c a t e s  t h e  a l r eady  s e r i o u s  con- 
d.iti.on of t h e  p t i e n t  as t o  cause almost  i r r e v e r s i b l e  changes i n  t h e  p ro te in  
molecules.  Such a s i t n a t i o n  shou ld  be t h e  o b j e c t  of p e r s i s t e n t  and F u r y s e f u l  
r e sea rch  by b i o l o g i s t s ,  b i cchen i s t s ,  bi .ophysicis ts ,  i a thoFhvs io log i s t s ,  and. 
cl i .nicj .ans,  s o  as t o  o b t a i n  a bet ter .  undershnt l ing  of  t h e  n:echsnism of i t s  ap- 
pearance and t o  d i scove r  prevent ive measures. 

A 

Experiments on t h e  heart rr.uscle have shown the excep t iona l ly  [:reat i.i?port- 
ance of  r a i n t a i n i n g  adequate  vascu la r  r e a c t i v i t y .  When t h i s  r e a c t i v i t y  is 
thrown ou t  of balance,  .the reflex f r o m  t h e  vascu la r  wa1.1 under the  a c t i o n  of a 
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given subs tance  introduced i n t o  t h e  vascu la r  channel nay cause a p e r s i s t e n t  and 
pro!onged s p a s m ,  not  o n l y  par t ia l ,  bu t  even t o t a l ,  of t h e  ca rd iac  blood vesse l s ,  
which rnay be one of t h e  f a c t o r s  lead ing  t o  t h e  development of cardi-ac i n s u f f i -  
ciency. This  e n t i r e l y  real mechanism of i t s  apnearance should be taken i n t o  
account no t  on ly  by t h e r a p e u t i s t s  b u t  by h e a r t  surgeons as well. 

The h e a r t  of a cadaver i s  not  on1.y a n  objec- t  f o r  f u r t h e r  s tudy  of i t s  
nletabolism and f u n c t i o n a l  features, as s t a t e d  by I.P.Favlov, h u t  can also be 
used i n  ind iv idua l  cases  as a n  o b j e c t  of t r a n s p l n n t a t i o n  i n t o  t h e  organism of 

t ano the r  human s u b j e c t .  

The da-ta obtained a r e  s t i l l  i n s u f f i c i e n t  f o r  s e r i o u s  and pronii s i n g  concl u- 
Y s i o n s  i n  t h i s  d i r e c t i o n ;  they  a r e ,  however, of i n t e r e s t  and do j u s t i f y  f u r t h e r  

i n v e s t i g a t i o n s  of t h e  humn h e a r t .  
v(hich i s  of exceptional. importance, must be given high p r i o r i t y  i n  modern niedi- 
c ine.  Its c o r r e c t  s o l u t i o n  w i l l  r equ i r e  sys t ema t i c  and d e t a i l e d  s tudy  of  t h e  
metabo1i.sm of t h e  human h e a r t  muscle, which wi l l  y i e l d  a f i r m  foundat ion f o r  +,he 
r e a l i z a t i o n  of s u i t a b l e  intervent,i.on and p r u p e r  control  uf t h i s  n.etabo!isp. 

The problem of t ransp1.antat ion of  t h e  h e a r t ,  

A t  t h e  present  s t a t e  of t h e  art, hbwever, des:,ite t he  iligh s k i l l  i n  nu3ern 
s u r g i c a l  techniques of t ransplant , ing t h e  !-ieart i n  l a r g e  aninia’ls , a t r a n s -  & 
nla i i ta t ion  of  t h e  hurran h e a r t  i s  still .  impossible. The fo l luwing  ray be consid- 
ered t h e  rtajor obs t ac l e s  t o  t h e  s o l u t i o n  of t h i s  problem. 

1. Tissue  or Ipmtein inconpat ibi1. i ty .  The i n c o m p t i b i l  i t y  of ’Indivi.diia1 
pr0tei .n s t ruct ,ure  is a b a s i c  and n,ore comp1.e~ obstac1.e t o  t h e  rea l i . za t ion  of: 
organ t r a n s p l a n t a t i o n  than  would be expected from on1.y a s tudy  of  t h e  i.n”mc- 
l o g i c a l  p e c u l i a r i t i e s  of i nd iv idua l  human 0rganism.s. Tne general  s t a t e  of each 
ind iv idua l ,  psychoneurological,  s t ructuro-neurological .  f e a t u r e s ,  h i s  charac te r -  
i s t i c s ,  t h e  f i n e  r ami f i ca t ions  i n  t h e  s t r u c t u r e  of h i s  p r t i c u l a r  p r a t e i n  mole-- 
c u l e s ,  whether they r e l a t e  t o  t h e  chemical s t r u c t u r e  of h i s  own hormones or of 
the  p r o t e j n s  fsrniing t h e  b a s i s  of h i s  cutaneous and K~UCOUS membranes - a l l  these  
f e a t u r e s  a r e  e,utremely ind iv idua l  and w i l l  r e q u i r e  a n  enorrrcus arr.ount of  wor!c 
t o  overcome them. This  work i s  e n t i r e l y  promising and no do1ubt can be r ea l i zed  
even tua l iy .  The sooner  we a r e  a b l e  t o  d e f i n e  t h e  pathways of b iosyn thes i s  of 
t he  extreme1.y complex l a r g e  p ro te in  mol eci i les  , t h e  sooner w i l l  t h e  s o l u t i o n  of 
t h i s  n a j o r  s c i e n t i f i c  problem become a c t ~ i a l i t y .  

2. The h e a r t ,  l.ilte &her  organs,  can f u n c t i o n  c o r r e c t l y  s n l y  i n  -the pres- 
ence of innerva t ion  connections with t h e  r e s t  of t h e  organism. Cardiac a c t i v i t y  
i s  r egu la t ed  every second by ref]-exes o r i g i n a t i n g  not  on1.y i n  t h e  h e a r t  i t s e l f  

arises. This  i s  t h e  problem of a rap id  re - innerva t ion  of  a i lear t  t r ansp lan tcd  
i.nto ano the r  orga:iism. The growth o f  t h e  ca rd iac  an3 extracarcl.iac nerves mist 
be a c c e l e r a t e d  s i n c e ,  cJn t r a n s p l a n t a t i o n  of t h e  h e a r t ,  both types  D f  nerves a r e  
damaged or p r t l y  des t royed .  Xork i n  t h i s  d i r e c t i o n  has been s t a r t e d ,  bu t  t h e  
present  l e v e l  of s t imi i la t ion  of nerve regenera t ion  i s  not y e t  s u f f  i c i e r i t  f o r  
s o l v i n g  t h i s  problem. 

r bu t  j.n a1 1 parts of t h e  organism. Consequently, ano the r  important  probl en; 

The 1-apid re-innerv:ttion of d t ra r i sp1mted  h e a r t  is  n e c e s s a r j  not  on ly  f o r  
a c o r r e c t  rerj-ulation of  i t s  a c t i v i t y  and f o r  a r e p i l a t i o n  of t h e  hemad,ynanics 
wi th in  t h e  organism, bu t  pr imar i ly  f o r  ensur ing  nyocard ia l  n:etabolism. The in-  
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t e n s i t y  and q u a l i t y  of t h e  metabolism of denervated t issues and organs are ex- 
t e n s i v e l y  i n t e r f e r e d  with.  
of t h e  f a c t o r s  respons ib le  f o r  t h e  subsequent dea th  of t h e  t r ansp lan ted  organ, 
and, t oge the r  wi th  it, of t h e  t r a n s p l a n t e e .  

The d i s tu rbance  of t h e  metabolism may a l s o  be one 

The i n t e r e s t i n g  animal experiments on t h e  doe;, perfonned by V.P.Demikhov, 
on ly  confirm t h e  above propos i t ions .  

I n  r ecen t  years, biophysics ,  chemistry,  and biochemistry of polymer com- 
pounds have made tremendous progress ,  going beyond t h e  bo ldes t  and r o s t  f a n t a s -  
t i c  dreams of  r e sea rche r s ,  and it i s  the re fo re  l i k e l y  t h a t  t h e  s o l u t i o n  o f  t h e  
problem of t h e  b iosyn thes i s  of t h e  extreme1.y complex p r o t e i n  molecules w i l l  be 
accompmied by t h e  para]-le1 s o l u t i o n  of  t h e  problem of b iosynthes is  of p1,ymer 
compounds i n  t h e  organism, inc lud ing  t h e  var ious  amino a c i d s .  
t h a t  such polymer compounds w i l l  no t  have t h e  t y p i c a l  p rope r t i e s  of t i s s u e  in-  
c o m p t i b i l i t y ,  s o  t h a t  b i o l o g i s t s ,  phys io log i s t s ,  cl.ini.ci.ans, and techrlologi.ca1 
des igners  w i 1 . l  be  a b l e  t o  cons t ruc t  a n  a r t i f i c i a l  o rcan  ( h e a r t )  possessing 
un ive r sa l  p r o s t h e t i c  p rope r t i e s ,  without  t i s s u e  incompa t ib i l i t y .  The s t u d i e s  
now underway t o  diminish t h e  i n d i v i d u a l  p ro te in  incom.pat ibi l~i ty  by t h e  use  of 
i o n i z i n g  r a d i a t i o n ,  blood exchange, e t c .  must be continued and expanded., s i n c e  
t h i s  1 i n e  of i n v e s t i g a t i o n  does not  exclude poss ib i l  i t i e s  f o r  e l u c i d a t i n g  and 
s o l v i n g  t h e  problems on which we have touched. 

It is  poss ib l e  
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